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ABSTRACT 
It  would be e a s i e r  t o  l and  a s p a c e c r a f t  g e n t l y  on 
Phobos, t h e  t i n y  Mart ian moon, t h a n  on Mars. The s tudy  
of Phobos' material, could prov ide  informat ion  about t h e  
o r i g i n  of  Mars. De ta i l ed  in fo rma t ion  about  t h e  Mart ian 
relief could be de r ived  from t h e  a n a l y s i s  of the r a d i o  
s i g n a l s  b e f o r e  and a f t e r  each o c c u l t a t i o n  of Phobos b y  
i 
Mars. F i n a l l y ,  t h e  Doppler Tracking Data would y i e l d  the 
a c c u r a t e  v a l u e s  of  t h e  c o e f f i c i e n t s  of t h e  development of 
Mars' p o t e n t i a l  i n  s p h e r i c a l  harmonics and would provide  
an oppor tun i ty  t o  t e s t  t h e  h y p o t h e s i s  t h a t  Newton's 
c o n s t a n t  v a r i e s  w i th  t h e  g r a v i t a t i o n a l  p o t e n t i a l .  The 
r e s u l t  of t h i s  t e s t  could have fundamental i m p l i c a t i o n s  
i n  R e l a t i v i s t i c  As t rophys ics  and Cosmology. 
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I t  i s  g e n e r a l l y  he ld  t h a t ,  a f t e r  t h e  Moon h a s  been 
explored,Venus and Mars should be t h e  o b j e c t i v e s  of 
t h e  nex t  s o f t  l andings .  Information about  t h e s e  two 
p l a n e t s  gathered i n  t h e  l a s t  few yea r s  i n d i c a t e s ,  however, 
t h a t  t h e  t a s k  would be more d i f f i c u l t  than  was assumed 
i n  t h e  p a s t .  The su r face  of Venus i s  so h o t  t h a t  a f t e r  
t h e  landing  t h e  ins t ruments  c a r r i e d  by  a s p a c e c r a f t  may 
n o t  cont inue  t o  work f o r  t h e  t i m e  needed f o r  t h e  acquis-  
i t i o n  of s i g n i f i c a n t  information;  Mars 's  atmosphere i s  
so t h i n  t h a t  it may be of on ly  l i m i t e d  h e l p  i n  the execut ion  
of a s o f t  l anding .  It is  t h e  purpose of t h i s  l e t t e r  t o  
suggest  t h a t  a landing  on Phobos, one of t h e  t w o  t i n y  
Mart ian moons, would be t e c h n i c a l l y  e a s i e r  and s c i e n t i f i c -  
a l l y  more rewarding. 
The r a d i u s  o f  t h e  o r b i t  of  Phobos i s  3 t i m e s  l a r g e r  
t han  t h e  r a d i u s  of  Mars; t h e r e f o r e ,  t h e  b inding  energy 
i n  t h e  g r a v i t a t i o n a l  f i e l d  of Mars would be about  6 t i m e s  
smal le r  f o r  a s p a c e c r a f t  o r b i t i n g  wi th  Phobos than  f o r  
a s p a c e c r a f t  on t h e  same mass s t and ing  on t h e  s u r f a c e  
of Mars. Th i s  means t h a t  cons iderably  less f u e l  would 
be needed f o r  a mission t o  ?hobos than  f o r  a mission 
t o  Mars.  
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A s  t h e  g r a v i t a t i o n a l  p u l l  of Phobos i s  weak, the  
t a s k  of  b r ing ing  a s p a c e c r a f t  t o  rest  i n  a frame of 
r e f e r e n c e  moving wi th  Phobos could be performed l e i s u r e l y ,  
and would n o t  involve t e c h n i c a l  problems s i m i l a r  t o  
those  connected with a landing  on e i t h e r  t h e  Moon o r  
Mars. The escape v e l o c i t y  from Phobos is ,  however, not  
completely n e g l i g i b l e  (of t h e  o r d e r  of  l O m / s e c )  and a 
hopping s p a c e c r a f t  could e a s i l y  r e a c h ,  by  success ive  
a t t empt s ,  t h e  p o s i t i o n  s u i t a b l e  f o r  any p a r t i c u l a r  
experiment.  
F i n a l l y ,  t h e  per iod of  r o t a t i o n  of Phobos i s  prob- 
a b l y  equal  t o  t h e  per iod  of r e v o l u t i o n ,  which i s  less 
than 8 hours .  Therefore ,  a s p a c e c r a f t  on i t s  s u r f a c e  would 
no t  have t o  f a c e  t h e  r a t h e r  extreme tempera tures  t h a t  
o f t e n  sho r t en  t h e  use fu l  l i f e  of ins t ruments  on t h e  Moon. 
L e t  u s  now cons ider  what r e s u l t s  could presumably 
be achieved by a s o f t  l anding  on Phobos. 
1. I t  seems a Safe  assumption t h a t  Phobos and Mars 
have a common o r i g i n .  S ince  Phobos i s  sma l l ,  i t s  
m a t e r i a l  probably d i d  n o t  go through c o n d i t i o n s  of  
h i g h  tempera tures  o r  high d e n s i t y  a f t e r  t h e  separ-  
a t i o n  from Mars, and h a s  t h u s  r e t a i n e d  i t s  o r i g i n a l  
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c h a r a c t e r i s t i c s .  
y i e l d  informat ion  about  t h e  o r i g i n  of t h e  p l a n e t .  
It could be of  some i n t e r e s t  t o  compare t h e  d e n s i t y  
The s tudy  of  t h i s  m a t e r i a l  could t h u s  
of m a t e r i a l  of  Phobos t o  t h e  average d e n s i t y  o f  Mars. 
2 .  Usual ly ,  Phobos i s  occu l t ed  by Mars i n  t h e  course  
of i t s  r e v o l u t i o n .  
between t h e  o r b i t a l  p l ane  of Phobos and t h e  p l ane  
of t h e  e c l i p t i c  makes an angle  close t o  90° with  
t h e  l i n e  of  s i g h t ,  does t h e  o c c u l t a t i o n  n o t  occur .  
The a n a l y s i s  of the  r a d i o  s i g n a l  from t h e  space- 
c r a f t  b e f o r e  and a f t e r  each o c c u l t a t i o n  could y i e l d  
t h e  atmospheric d e n s i t y  a t  t h e  d i f f r a c t i n g  edges', 
and thus  t h e  r e l a t i v e  a l t i t u d e s  o f  t h e  edges.  
Deta i led  information about  t h e  Mart ian re l ief  could 
t h u s  be ob ta ined .  
The Doppler t r a c k i n g  d a t a  of t h e  r a d i o  s i g n a l  from 
t h e  s p a c e c r a f t  could y i e l d  t h e  r a d i a l  component o f  
i t s  v e l o c i t y  with an e r r o r  sma l l e r  t h a t  0 .1  cm/sec.; lJ2 
t h e  t r a j e c t o r i e s  of Mariner I V  and Mariner V have 
been a c c u r a t e l y  determined i n  t h i s  way. 
Only when t h e  i n t e r s e c t i o n  
3 .  
The 
t r a j e c t o r y  of Phobos could be determincd wi th  an 
even be t te r  accuracy s ince  it i s  no t  a f f e c t e d  apprec i ab ly  
by r a t h e r  unpredic tab le  p e r t u r b a t i o n s  l i k e  r a d i a t i o n  
p r e s s u r e  and e l e c t r o s t a t i c  f o r c e s  which a r e  important  
f o r  a r t i f i c i a l  s a t e l l i t e s .  It  would t h u s  be p o s s i b l e  t o  
determine t h e  f i r s t  c o e f f i c i e n t s  of  t h e  development of 
Mars ' s  p o t e n t i a l  i n  sphe r i ca l  harmonics w i t h  an accuracy 
bet ter  than  t h a t  achieved so f a r  i n  t h e  de t e rmina t ion  
of  t h e  c o e f f i c i e n t s  of t h e  E a r t h ' s  p o t e n t i a l .  
4.  The obse rva t ions  considered so f a r  would be 
r e l e v a n t  f o r  t h e  s tudy  of Mars: w e  s h a l l  now men- 
t i o n  b r i e f l y  an experiment which could have impli-  
c a t i o n s  i n  R e l a t i v i s t i c  As t rophys ics  and 'Cosmology. 
A f u l l e r  d e s c r i p t i o n  of t h i s  proposed experiment 
w i l l  appear elsewhere.  
It  h a s  o f t e n . b e e n  suggested t h a t  t h e  va lue  of  
Newton's c o n s t a n t  G may be a f f e c t e d  by t h e  presence  
of l a r g e  masses i n  t h e  neighborhood of  t h e  two bod ies  
used i n  t h e  measurement: i n  t he  frame of Mach's i d e a s  
t h i s  is a r a t h e r  n a t u r a l  suggest ion.  I n  the non- 
r e l a t i v i s t i c  l i m i t  t he  in f luence  of  t h e  l a r g e  masses 
c a n  appear on ly  through t h e  g r a v i t a t i o n a l  p o t e n t i a l  V ;  
a dimensional arglment t hen  l e a d s  t o  t h e  r e l a t i o n  3-10 
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where ,a, i s  a cons tan t  of t h e  o r d e r  of u n i t y .  This  simple 
law can be supposed t o  hold o n l y  i n  t h e  c a s e  i n  which one 
can n e g l e c t  t h e  v a r i a t i o n  of  V throughout t h e  r ag ion  where 
t h e  two bDdies a r e  placed and t h e  c o n t r i b u t i o n  of t h e  two 
bod ies  t o  V.  
L e t  now 
r 
0 r = -  
' 1  + e cos 0 
be t h e  equa t ion .o f  the  o r b i t  of Mars: s i n c e  t h e  e c c e n t r i c i t y  
e h a s  t h e  r a t h e r  l a r g e  va lue  0.093313, t h e  s o l a r  g r a v i t a t i o n a l  
p o t e n t i a l  a t  t h e  p o s i t i o n  of M a r s  v a r i e s  cons iderably  du r ing  
t h e  Mart ian year .  Thus equa t ion  (1) can b e  t e s t e d  and a can 
be determined by observing t h e  motion of Phobos under t h e  
g r a v i t a t i o n a l  a t t r a c t i o n  of Mars. 
The effect  of  the v a r i a t i o n  of G on t h e  o r b i t  of Phobos 
would be n e g l i g i b l e ,  b u t  t h e  change i n  t h e  temporal law of 
motion would be d e t e c t a b l e .  L e t  t h e  p o s i t i o n  of Phobos be 
determined i n i t i a l l y  when t h e  t r u e  anomaly 8 of Mars i s  an 
odd m u l t i p l e  of 2- The v a r i a t i o n  of G w i l l  r e s u l t  i n  an 
advance 1 or  de lay  of 19 .4  a m s e c  i n  t h e  motion of Phobos 
2 
- 
a t  t h e  t i m e  t h a t  0 has increased  by n. However, Phobos w i l l  
aga in  run  on schedule a t  t h e  t i m s 2  t h a t  8 h a s  f u r t h e r  increased  
by T and Mars has  completed one r e v o l u t i o n .  
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For s i m ? l i c i t y ,  w e  s h a l l  d i s c u s s  h e r e  t h e  d e t c c t a b i l -  
i t y  of t h i s  e f f ec t  neg lec t ing  t h e  e x i s t e n c e  of a l l  o t h e r  
p e r t u r b a t i o n s  a c t i n g  on Phobos. 
Phobos i n  t h e  g r a v i t a t i o n a l  f i e l d  of Mars i s  about  
The a c c e l e r a t i o n  of 
57 c m  see -2 .The re fo re ,  when Phobos and M a r s  a r e  close 
t o  conjunct ion  
d i r e c t i o n  of t h e  l i n e  of s i g h t ,  an advance o r  d e l a y  of 
19 .4  a m s e c  w i l l  r e s u l t  i n  a d i f f e r e n c e  of 1.1 .a c m  sec-l 
i n  t h e  r a d i a l  v e l o c i t y .  A s  mentioned above, t h e  Doppler 
t r a c k i n g  d a t a  could y i e l d  t h e  v e l o c i t y  of t h e  s p a c e c r a f t  
w i th  an error smal le r  t han  011 c m  sec'l; t h e  formal 
error i n  t h e  de te rmina t ion  of a would t h u s  be less than  
0.09.  
and t h e  a c c e l e r a t i o n  of Phobos i s  i n  t h e  
c 
A more complete d i s c u s s i o n  would show t h a t  t h e  small  
p e r t u r b a t i o n  caused by t h e  v a r i a t i o n  of G could indeed 
be separa ted  from o t h e r  l a r g e r  p e r t u r b a t i o n s  a c t i n g  on 
Phobos; t h e  two b a s i c  p o i n t s  i n  t h e  d i s c u s s i o n  would be 
t h a t  t h e  nurnber of important  p e r t u r b a t i v e  t e r m s  is  q u i t e  
l i m i t e d ,  and t h a t  p e r t u r b a t i o n s  t h a t  cannot be c a l c u l a t e d  
a c c u r a t e l y ,  l i k e  r a d i a t i o n  p r e s s u r e  and e l e c t r o s t a t i c  
f o r c e s ,  can be neglected owing t o  t h e  r e l a t i v e l y  l a r g e  
mass of Phobos. 
- a- 
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To conclude, it should be mentioned t h a t  Phobos 
appears  merely a s  a p o i n t - l i k e  o b j e c t  t o  a t e r r e s t r i a l  
observer :  i t s  s i z e  and i t s  mass a r e  e s t ima ted  by assuming 
t h a t  i t s  albedo and i t s  d e n s i t y  have v a l u e s  s i m i l a r  t o  
those o f  o t h e r  s a t e l l i t e s .  More could be l ea rned  about  
Phobos i f  t h e  p l a n s  f o r  t h e  coming f ly-by  miss ion  t o  
Mars would inc lude  a photographic  s tudy  of  t h i s  s a t e l l i t e .  
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